Introduction
The use of fruit wastes as a carbon source to produce microbial protein is advantageous from technological and economic points of view. The analytical procedures required are unsophisticated and can be used not only by feed and waste industries but also by aviculturists and co-operatives. These wastes are available free, or are sold at very low prices by food industries for ruminant feeds without additional treatment. Production costs are low, as the product is prepared in three stages: fermentation, drying, and grinding. The process can be carried out by untrained technicians.
Industrial wastes from the cashew, Anacardium occidentale, are scarce because technological procedures use the whole pseudofruit for pulpy juice. In addition, when the nuts are harvested, a substantial amount of waste is lost in the sandbanks where cashew trees are grown. According to Berk [1] , the nut is also considered a waste product. The process used in our laboratory to produce the concentrated cashew juice increases the supply of this raw material however [2] .
This study investigated the advantages of converting cashew wastes efficiently into protein-rich feeds for animal consumption.
Materials and methods
Assays were performed with fermented or nonfermented cashew wastes from the fruit used in the pilot plant of the Food Sciences Laboratory of the Nutrition Department of the Federal University of Pernambuco, in Recife, Brazil, for production of concentrated juices. The chemical composition of the wastes is given in table 1. The fibre content was measured by the Horwitz method [3] . The other determinations were performed in accordance with the analytical methods of the Adolfo Lutz Institute [4] . The material was kept in a cool chamber at 3°C during the experimental period. The fungi used, Aspergillus niger-2228, Myrothecium verrucaria-2100, and Trichoderma viride-2596, were obtained from the culture collection of the university's Mycology Department. The strains were maintained at 5°C in a Sabouraud-agar medium and reinoculated monthly. The basic culture medium was Czapek's without saccharose, modified. In the experiments in which only partial salt was added and potassium chloride (KCl) and ferrous sulfate (FeSO 4 ) were removed, two fermentation processes were used: submerged liquid and moist solid-state. The composition of the salt mixture was as follows: KN 2 PO 4 , 1 g; MgSO 4 , 0.5 g; KCl, 0.5 g; and FeSO 4 , 0.01g. The last two were removed from the mixture in the experiments with only partial salt added.
In the preliminary assays for the submerged liquid fermentation process [5] , 250-ml flasks were used, three for each treatment. Each flask contained 100 ml of the medium, 20 g cashew waste, and 80 ml distilled water with and without additional salt. The flasks were autoclaved at 121.5°C for 15 minutes, inoculated with a 2% spore suspension, and incubated in a shaker at 30°C at 100 rpm for 48, 72, and 96 hours. The filtered mycelia were dried in a 60°C oven with air circulation until they reached a constant weight.
With the moist solid-state fermentation method, the cashew waste was heated at 100°C under a constant steam as a culture medium for growth of A. niger and T. viride, with or without the addition of KCl and FeSO 4 . The waste was spread on nylon sieves in wooden frames in uniform layers 1 cm thick to allow sufficient aeration. Fungi were inoculated with the spore suspension and the trays were on open racks at room temperature, some for 48 and some for 72 hours. The material was dried in an oven with air circulation at 50°C and 55°C for 48 hours.
Total nitrogen was measured in the mycelia by the micro-Kjeldahl method [6] The crude protein content of the mycelia was calculated by the factor 6.25 x N.
Amino acids were measured in a Backman auto-analyser reaction with nihydrine.
In the assays for production of non-fermented cashew flour, the wastes were spread on metal trays and dried in an oven at 45°C and 60°C, or sun dried.
The organoleptic characteristics, as well as the nutrients of the flour, were determined.
Results and discussion
The data from the preliminary assays with cashew waste using the submerged liquid fermentation process are shown in table 2. The values obtained in the waste inoculated with A. niger were the most representative, confirming previous findings with passion fruit [5] and pineapple wastes [7] . Cashew waste contained the highest protein content, 21.48%, at 72 hours of incubation when treated with only partial salt. This corresponds to a 140% increase in the protein content over that of the 60°C oven-dried waste without additional treatment, that is, 9.7 g per cent. Fermentation of fruit and vegetable wastes can be inhibited by some cellular constituents such as fats, waxes, and long-chain fatty acids, as well as by other micro-organisms or their flora [8] . Using the moist solid-state fermentation process in pineapple waste, the growth of the A. niger was inhibited by yeast (Saccharomyces bailli Lindner) [7] . Similar inhibition was detected in the cashew waste submitted to this process. To avoid this effect, the waste underwent a thermal treatment (steam bath) before the fungi were inoculated. The values obtained using moist solid-state fermentation were not representative. Regardless of the treatment used, the addition of complete and/or incomplete salts to the waste did not change its protein content. Sugar conversion did not reach its expected level: it was the same as or lower than that of the flour obtained from oven-dried and sun-dried wastes (table 3) . A comparative study of the chemical composition of flours obtained from these wastes by different treatments, without fermentation, showed that the sun-dried product was rich in protein and lipids and poor in fibre. The highest protein contents were obtained using submerged liquid fermentation methods, but sun drying is preferred with cashew wastes from the technical and economic points of view because it does not require sophisticated equipment. The organoleptic characteristics of the sun-dried flour were as follows: texture, thin powder; colour. yellow; flavour, caramel; and odour, that of the cashew. The aminogram and the chemical score of the flour were determined. Methionine, tyrosine, and valine were the limiting amino acids: 50.9%, 28.4%, and 25.6% respectively. The other amino acids had higher values than those of the pattern. This is of special interest for aviculturists as lysine is a limiting amino acid in poultry diets. 
Conclusions
From these data, it may be concluded that submerged liquid fermentation was more efficient for producing single cell protein than moist solid-state fermentation when the waste was inoculated with A. niger for 72 hours. Sun-drying was the most adequate treatment for cashew waste flour. Methionine, tyrosine, and valine were the limiting amino acids of the flour, and contents of the other amino acids, especially lysine, were relatively high. Given the chemical composition and organoleptic characteristics of the sun-dried flour. this product can be used for animal consumption.
